The effect of cross-linking of collagen matrices on their angiogenic capability.
The poor vascularization rate of matrices following cell invasion is considered to be one of the main shortcomings of scaffolds used in tissue engineering. In the past decade much effort has been directed towards enhancing the angiogenic potential of biomaterials. A great many studies have appeared reporting about enhancement of vascularization by immobilizing angiogenic factors, such as vascular endothelial growth factor (VEGF) and basic fibroblast growth factor-2 (FGF-2). We have also tried to achieve this goal by modifying collagen matrices by covalent incorporation of heparin into the matrices and loading them with VEGF. We and others have observed that loading angiogenic factors to heparinized materials markedly increases angiogenic capacity. In the present paper we also investigated the angiogenic properties of collagen matrices which were only cross-linked, i.e. in the absence of heparin. The angiogenic capacity of the modified matrices was evaluated using the chorioallantoic membrane assay. Differences in angiogenic potential were deduced from macroscopic and microscopic analyses of the chorioallantoic membrane, as well as from dry weight changes. Cross-linked only matrices and matrices both cross-linked and heparinized appeared to show a significantly larger angiogenic potential than unmodified matrices. As previously observed, loading VEGF to these matrices further stepped up angiogenic potential. Quite surprisingly, cross-linking had a substantial impact on angiogenic potential. In terms of magnitude, this effect was similar to the effect of loading VEGF to heparinized matrices. Both modification procedures resulted in an increase of average pore size within the collagen matrices, and this observation may explain the more rapid invasion of mouse fibroblasts into cross-linked and heparinized matrices. Form changes of the implants were also monitored during the in vivo contacts: cross-linked and heparinized matrices showed far better resistance against contraction, as compared to unmodified matrices. Results from the chorioallantoic membrane assay experiments were compared with data obtained from rat model experiments, which confirmed the results from the chorioallantoic membrane assay. This relatively simple assay was again shown to be extremely helpful in evaluating and predicting the angiogenic capabilities of biomaterials for use in tissue engineering and wound healing.